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(54) ELECTRONIC EQUIPMENT COOLING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To extremely reduce the amount of generated 
heat of a resistor that is radiated into the internal space of an enclosure. 
SOLUTION: A semiconductor stack is composed by alternately laminating 
flat power semiconductor devices 10 and 12, and cooling bodies 22-24. A 
common condenser 25 condenses and liquefies a refrigerant that is 
vaporized by cooling bodies 22-24. Connection pipes 26-28 guide the 
refrigerant that is vaporized by the cooling bodies. 22r24 to ; the common 
condenser 25. Liquid-returning pipes . 29-31 allow the refrigerant that is 
condensed and liquefied by the common condenser 25 to flow back to the 
cooling bodies 22-24. Resistors 33-35 are provided so that they are in 
contact with the side surface of the cooling bodies 22-24 for forced 
cooling, thus extremely reducing the amount of heat that is discharged 
from the resistors 33-35 to the internal space of the enclosure. 
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* NOTICES * 

Japan Patent Of fic is not responsible for any 
damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An electronic equipment cooling system characterized by having established a cooling means, and 
establishing a resistance means in an electronic equipment cooling system constituted so that said semiconductor device 
means might be cooled so that said cooling means may be contacted so that both sides of a semiconductor device means 
may be contacted. 

[Claim 2] A semiconductor stack means constituted by carrying out the laminating of a semiconductor device means 
and a cooling means to cool this semiconductor device means, by turns, A condensation means to condensate-ize a 
refrigerant evaporated with said cooling means, and an interconnecting-tube means to lead said refrigerant evaporated 
with said cooling means to said condensation means, An electronic equipment cooling system characterized by 
establishing a resistance means in an electronic equipment cooling system which consists of liquid return pipe means to 
flow back for said cooling means, in said refrigerant condensate-ized with said condensation means so that said cooling 
means may be contacted. 

[Claim 3] An electronic equipment cooling system characterized by for each of said cooling means storing a refrigerant 
and connecting it to said condensate-ized means according to an individual in claim 2 by said interconnecting-tube 
means and said liquid return pipe means. 

[Claim 4] An electronic equipment cooling system characterized by establishing said resistance means in claim 2 or 3 so 
that at least one side of said cooling means other than a field of said cooling means and said semiconductor device 
means which contacts may be contacted. 

[Claim 5] It is the electronic equipment cooling system characterized by said cooling means consisting of copper or a 
copper alloy in claims 1, 2, and 3 or 4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the electronic equipment cooling system 
which the electronic equipment cooling system which cools electronic equipment, such as a power converter installed 
on the ground as an object for electric railroads, is started, especially a semiconductor device is contacted on the cooling 
object of ebullition cooling system, and is cooled. 
[0002] 

[Description of the Prior Art] Conventionally, the power converter installed on the ground as an object for electric 
railroads consists of electronic equipment for supplemental circuits, such as a power semiconductor device, a resistor, 
and a capacitor, and is contained in the case with which storm sewage etc. does not permeate and which was sealed like. 
Since the thermal runaway of the power semiconductor device will be carried out and it will lose the function if junction 
temperature exceeds predetermined temperature during energization, it is compulsorily cooled by ebullition cooling 
system so that junction temperature may not become larger than predetermined temperature. On the other hand, the 
thing of a natural-convection-cooling mold is usually used especially for the resistor, and it is constituted so that natural- 
convection-cooling heat exchange may be carried out to air through a case wall surface with other quantity of heat in the 
electronic equipment for supplemental circuits (quantity of heat which a conductor generates) generated inside the case. 
That is, a resistor is installed in a case floor and natural-convection-cooling thermolysis of the quantity of heat generated 
by the resistor is carried out inside a case. Natural-convection-cooling heat exchange of the quantity of heat of the 
resistor by which natural-convection-cooling thermolysis was carried out is carried out to the interior of a case by the 
free convection of the air of the case exterior through a case wall surface. 
[0003] 

[Problem(s) to be Solved by the Invention] Conventionally, all the quantity of heat generated by the resistor inside a 
case was emitted to the case building envelope as mentioned above, in order [ therefore, ] to carry out heat exchange of 
the quantity of heat (quantity of heat generated from a resistor, quantity of heat generated from a conductor) generated 
inside a case by the air and the free convection of the case exterior - the surface area of a case - large - not carrying 
out ~ it did not obtain, but case capacity became large superfluously, and there was a problem that installation area also 
had to be enlarged in connection with it. 

[0004] This invention is made in view of an above-mentioned point, and aims at offering the electronic equipment 
cooling system which can reduce the generating quantity of heat of the resistor emitted to a case building envelope as 
much as possible. 
[0005] 

[Means for Solving the Problem] Invention of an electronic equipment cooling system indicated by claim 1 establishes a 
cooling means, and it establishes a resistance means in an electronic equipment cooling system constituted so that said 
semiconductor device means might be cooled so that said cooling means may be contacted, so that both sides of a 
semiconductor device means may be contacted. Usually, it would cool compulsorily with a cooling means by which a 
semiconductor device means was established by the both sides so that a thermal runaway might be carried out and the 
function might not be lost, and an electronic equipment cooling system will have cooled electronic equipment which 
does not carry out a thermal runaway, such as a resistance means, with natural-convection-cooling cooling system, if 
junction temperature exceeds predetermined temperature during energization. In this invention, that refrigeration 
capacity of a lateral portion of a cooling means established so that a semiconductor device means might be contacted 
was low, and it is prepared so that a lateral portion of a cooling means may be contacted in a resistance means paying 
attention to a point which was not used, and it was cooled compulsorily. By this, quantity of heat emitted to a case 
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building envelope from a resistance means can be reduced as much as possible. 

[0006] Invention of an electronic equipment cooling system indicated by claim 2 A semiconductor stack means 
constituted by carrying out the laminating of a semiconductor device means and a cooling means to cool this 
semiconductor device means, by turns, A condensation means to condensate-ize a refrigerant evaporated with said 
cooling means, and an interconnecting-tube means to lead said refrigerant evaporated with said cooling means to said 
condensation means, In an electronic equipment cooling system which consists of liquid return pipe means to flow back 
for said cooling means, in said refrigerant condensate-ized with said condensation means, a resistance means is 
established so that said cooling means may be contacted. A point which this establishes a resistance means about an 
electronic equipment cooling system which cools a semiconductor stack means by which the laminating of a 
semiconductor device means and the cooling means was carried out by turns, with an ebullition cooling system which 
consists of a condensation means, an interconnecting-tube means, and a liquid return pipe means so that a lateral portion 
of a cooling means may be contacted, and was cooled compulsorily is the same as claim 1 . 

[0007] Invention of an electronic equipment cooling system indicated by claim 3 stores a refrigerant in claim 2, and 
each of said cooling means is connected to said condensate-ized means according to an individual by said 
interconnecting-tube means and said liquid return pipe means. Although there are package cooling system and 
individual cooling system of an immersion type among the cooling system of an ebullition cooling system, this limits 
about an electronic equipment cooling system of individual cooling system. 

[0008] In claim 2 or 3, invention of an electronic equipment cooling system indicated by claim 4 establishes said 
resistance means so that at least one side of said cooling means other than a field of said cooling means and said 
semiconductor device means which contacts may be contacted. Usually, a cooling means to constitute a semiconductor 
stack means is carrying out a rectangular parallelepiped configuration, and a semiconductor device means is carrying 
out pressurization contact at the both sides or one side which opposes. A rectangular parallelepiped usually has the 6th 
page and the 2nd of pages [ them ] is used for pressurization contact for a semiconductor device means at least. 
Therefore, since neither an interconnecting-tube means nor a liquid return-pipe means was formed in the 4th remaining 
page or nothing was prepared, a resistance means was efficiently cooled by preparing so that at least one of this 4th page 
may be contacted in a resistance means. 

[0009] Invention of an electronic equipment cooling system indicated by claim 5 constitutes said cooling means from 
copper or a copper alloy in claims 1, 2, and 3 or 4. Although a cooling means gives priority to a cost side and a 
manufacturing-technology side and constitutes them from iron or stainless steel in many cases, in order to raise a degree 
of vacuum-proof, it consists of thick materials. Therefore, a part with a thick material and thermal conductivity were 
bad, and cooling effectiveness was bad even if it formed a resistance means in the side of a cooling object. Then, by 
constituting a cooling means from copper or a product made from a copper alloy, improvement in vapor cooling 
effectiveness can be wished good heat conduction, and a resistance means can be cooled efficiently. 
[0010] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained according to an 
accompanying drawing. Drawing 1 is drawing showing the outline configuration of the electronic equipment cooling 
system constituted so that a power semiconductor device and a resistor might be cooled with ebullition cooling system. 
Drawing 2 is the side elevation which looked at the electronic equipment cooling system of drawing 1 from right-hand 
side, omits a common condenser and is shown. Although there are the package cooling system and individual cooling 
system of an immersion type among the ebullition cooling system, the gestalt of this operation explains the electronic 
equipment cooling system of individual cooling system. Individual cooling system connects between the cooling objects 
and thermolysis condensers which enclosed the refrigerant of a low-boiling point with the interior according to an 
individual with an interconnecting tube and a liquid return pipe. In addition, the principle of ebullition cooling system is 
common knowledge, and heat transfer of the heat generated to the semiconductor device and the resistor by energization 
is carried out to the refrigerant filled on the cooling object. After emitting the latent heat obtained at the time of 
evaporation after carrying out nucleate boiling, being evaporated with the increment in thermal flux and a refrigerant's 
moving to a thermolysis condenser from a cooling object on the other hand and condensing and liquefying, evaporation 
and condensation are repeated and a power semiconductor device and a resistor are cooled so that it may flow back on a 
cooling object. 

[001 1] By making the cooling objects 22-24 of the ebullition cooling system 20 carry out pressurization contact of the 
two common form power semiconductor devices, a thyristor or diode, 10 and 12 by a diagram through the alumimium 
nitride (ALN) boards 14-17 used as an electric insulating plate The layered product which consists of the cooling object 
22, the ALN board 14, the common form power semiconductor device 10, the ALN board 15, the cooling object 23, the 
ALN board 16, the common form power semiconductor device 12, an ALN board 17, and a cooling object 24, i.e., a 
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semiconductor stack, is constituted, drawing 1 - setting -- the right-hand side side of the cooling object 22 - the ALN 
board 14 — minding - the cathode of the common form power semiconductor device 10 — a conductor — to the 10K 
side the left-hand side side of the cooling object 22 - a pressurization contact-carrying member (not shown) - the left 
lateral of the cooling object 23 - the ALN board 1 5 - minding - the anode of the common form power semiconductor 
device 10 - a conductor - to 10A the right lateral of the cooling object 23 - the ALN board 16 - minding - the 
cathode of the common form power semiconductor device 12 - a conductor - to 12K the left-hand side side of the 
cooling object 24 - the ALN board 17 - minding - the anode of the common form power semiconductor device 12 - a 
conductor - the right-hand side side of the cooling object 24 is in contact with the pressurization contact-carrying 
member (not shown) at 12A, respectively. On the other hand, resistors 34 and 35 are made into the near-side side of the 
cooling objects 23 and 24 by drawing 1 , and the bis-stop is carried out to the left-hand side side of the cooling objects 
23 and 24 in drawing 2 , respectively. In addition, although the bis-stop of the resistor 33 is carried out also to the side 
of the cooling object 22, since the cross-section structure is shown about the cooling object 22, illustration has been 
omitted about the resistor 33. 

[0012] The ebullition cooling system 20 consists of the interconnecting tubes 26-28, the liquid return pipes 29-3 1, and 
the cooling objects 22-24 containing the common condenser 25 and a bellows gaseous-phase pipe. The refrigerant 
which evaporated by performing heat exchange between atmospheric air is made to condense, it liquefies, and the 
common condenser 25 is stored in the interior. By a diagram, it has omitted about the radiator built in the common 
condenser 25. The cooling objects 22-24 begin to delete the metal block of copper or a copper alloy, aluminum, etc. to a 
core box by machining, have many the fins and diaphragms for thermolysis in the interior, and have composition which 
stores a refrigerant there. Conductive refrigerants, such as an ethylene glycol aqueous solution, are used for this 
refrigerant. Therefore, between the common form power semiconductor devices 10 and 12 and the cooling objects 22- 
24, the ALN boards 14-17 for an insulation are inserted. When using insulating refrigerants, such as chlorofluocarbon 
and fluorocarbon, for a refrigerant, these ALN boards 14-17 can be omitted. 

[0013] The cooling objects 22-24 and the common condenser 25 are connected by interconnecting tubes 26-28 and the 
liquid return pipes 29-3 1 . Interconnecting tubes 26-28 and the liquid return pipes 29-3 1 have double pipe structure, and 
the refrigerant which carried out heating ebullition and which was evaporated with the cooling objects 22-24 goes up 
between the interconnecting tubes 26-28 of an outside pipe, and the liquid return pipes 29-31 of an inside pipe, and is 
led to the common condenser 25. The bellows gaseous-phase pipe formed in a part of interconnecting tubes 26-28 
absorbs expansion and contraction of each part by the temperature change. In addition, the insulating tube for insulating 
between the cooling objects 22-24 and the common condensers 25 besides a bellows gaseous-phase pipe may be formed 
in the middle of interconnecting tubes 26-28. In addition, in drawing, the cross-section structure is shown about the 
cooling object 22 and the interconnecting tube 26, and other cooling objects 23 and 24 and interconnecting tubes 27 and 
28 also have same structure. 

[0014] The pyrexia from the common form power semiconductor devices 10 and 12 is transmitted to the cooling objects 
22-24 through the ALN boards 14-17, and the pyrexia from resistors 33-35 is transmitted to the direct cooling objects 
22-24. With the cooling objects 22-24, with these heat, a refrigerant boils and it evaporates. The vaporized refrigerant 
goes up between the interconnecting tubes 26-28 of an outside pipe, and the liquid return pipes 29-31 of an inside pipe, 
is led to the common condenser 25, and is liquefied there. The liquefied refrigerant is temporarily stored in the common 
condenser 25, falls on the cooling objects 22-24 through the liquid return pipes 29-31, and returns. Thus, the ebullition 
cooling system 20 boiled the refrigerant at the cooling objects 33-35, was evaporated, and has controlled the 
temperature rise of the common form power semiconductor devices 10 and 12 and resistors 33-35 by making it liquefy 
with the common condenser 25. 

[0015] In addition, copper or a copper alloy constitutes the cooling objects 22-24 from the gestalt of this operation. 
Conventionally, since the cooling object which constitutes the ebullition cooling system 20 did not have constraint of a 
material, it gave priority to the cost side and the manufacturing-technology side, and constituted them from iron or 
stainless steel. And in order to raise the degree of vacuum-proof of the ebullition cooling system 20, the material of a 
cooling object was thickened. Therefore, even if a part with a thick material and thermal conductivity were bad and it 
prepared the resistor in the side of a cooling object, cooling effectiveness was bad and had to enlarge capacity of a 
resistor as a result, on the other hand, the quantity of heat generated by resistors 33-35 by vapor cooling effectiveness 
becoming good in order that the cooling object made from copper or a copper alloy may show good heat conduction - 
the cooling object made from copper or a copper alloy - minding - the refrigerant inside a cooling object - easy - 
transmitting - there - thermolysis - and vapor cooling comes to be carried out. By this, the component diffused inside 
a case among the quantity of heat generated by resistors 33-35 can be reduced sharply, and the miniaturization of 
reduction of case surface areas and the whole electronic equipment can be realized as a result. Moreover, when the 
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resistor was being used with natural-convection-cooling cooling system like before, it is resistor capacity = generating 
quantity-of-heat x4-5, and the big resistor had to be used compared with the actual generating quantity of heat of a 
resistor. By having made the resistor into the forced-cooling (vapor cooling) method from natural-convection-cooling 
cooling system like this invention, it serves as resistor capacity = generating quantity of heat, can miniaturize the 
resistor itself, and can also aim at now improvement in that assembly nature. 

[0016] In addition, although the gestalt of above-mentioned operation explained to the example the semiconductor stack 
which consists of layered products of a common form power semiconductor device and a cooling object as the stack 
structure, it is applicable not only like this but the electronic equipment cooling system which constitutes each stack, 
such as semiconductor stacks other than this, a diode rectifier stack, and a solid state switch stack. Moreover, although 
the gestalt of above-mentioned operation explained the individual cooling system which cools a heating element 
according to an individual to the example, it is applicable similarly [ in the case of package cooling system ]. Although 
the gestalt of above-mentioned operation explained the case where a semiconductor stack was constituted by two 
common form power semiconductor devices 10 and 12 and three cooling objects 22-24, it is applicable also like the 
semiconductor stack which consists of the common form power semiconductor devices and cooling objects of the 
number beyond this. Although the interconnecting tube was returned with the gaseous-phase pipe and the case of the 
double pipe structure of a pipe was explained to the example with the gestalt of above-mentioned operation, it is 
applicable also like what returned with the gaseous-phase pipe and has arranged the pipe separately. 
[0017] Although the gestalt of above-mentioned operation explained the case where a resistor was prepared in the 
single-sided side of a cooling object, as long as it is except the part in contact with a semiconductor device, a resistor 
may be prepared in the both-sides side of a cooling object, the bottom, the bottom, etc. Furthermore, although the gestalt 
of above-mentioned operation explained the case where a resistor was prepared in the cooling object which constitutes a 
semiconductor stack, the cooling object of the dedication for cooling, the cooling object, i.e., the resistor, which does 
not constitute a semiconductor stack, is established separately, and you may make it connect it to the common 
condenser 25 with an interconnecting tube and a liquid return pipe. In this case, since a cooling object does not take the 
stack configuration by which pressurization contact is carried out, although it makes a material comparatively thin, it 
can be made, and can give priority to cooling effectiveness. 
[0018] 

[Effect of the Invention] According to the electronic equipment cooling system of this invention, it is effective in the 
ability to reduce the generating quantity of heat of the resistor emitted to a case building envelope as much as possible. 
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* NOTICES * 

Japan Patent Of f ic is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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